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on Taiwan by at least 4800 cal BP (Bellwood 2005 (Bellwood , 2011 , and yet was seemingly not widely established in ISEA until after 2000 cal BP (Anshari et al. 2001) .
Plant domesticates from East Asia, such as rice (Oryza sativa) and foxtail millet (Setaria italica), are largely absent from the archaeobotanical record of early (here meaning pre-3000 cal BP) agriculture in ISEA (Donohue & Denham 2010) . The identification of domesticated rice is problematic because criteria to differentiate wild and domesticated forms (e.g. compare Liu et al. 2007 with Fuller et al. 2009 ), as well as to differentiate O. sativa from other wild rice species that occur throughout ISEA, are either contentious in macrofossil (seed and rachis) and microfossil (pollen, phytolith and starch grain) assemblages, or have not been rigorously applied (Paz 2005) . Consequently, all claims for early (pre-3000 cal BP) domesticated rice in ISEA should be viewed cautiously until archaeobotanical finds are evaluated more systematically.
Domestic-type rice is uncommon at sites pre-dating 3000 cal BP in ISEA, except in association with pottery (Paz 2002 (Paz , 2005 Barker et al. 2011a) . The paucity and ceramic associations of finds have led several commentators to infer that domesticated rice was originally derived from extralocal trade (Paz 2002) , or was a minor ritual or status crop (Hayden 2011; Barton 2012) , until it became a major staple after c. 2000 cal BP (Anshari et al. 2001; Barton & Denham 2011) . Furthermore, the archaeobotany of foxtail millet at pre-3000 year-old sites in ISEA is non-existent (following Paz 2002) .
There is extremely sparse evidence to suggest that East Asian plant domesticates and farming spread across ISEA before 3000 cal BP. Certainly agricultural implements and crops of East Asian origin occur within ISEA (e.g. Bellwood & Dizon 2005) , but only after the period of purported Austronesian expansion from Taiwan. Consequently, the dispersal of Austronesian languages from Taiwan and the spread of East Asian farming should be decoupled in the ISEA context; at this scale they are discrete historico-geographic phenomena before at least c. 3000 cal BP (Donohue & Denham 2010; Barker et al. 2011b) .
If cereal-based cultivation from East Asia was not significant for the development of early cultivation practices in ISEA, what was? Another neighbouring region that provides insights on the development of agriculture in ISEA is New Guinea. Agricultural practices were comparatively early on New Guinea, dating to at least c. 6950-6440 cal BP (Denham et al. 2003 (Denham et al. , 2004 . Unusually in global terms (Smith 1998; Bellwood 2005; Barker 2006 ), early agriculture on New Guinea was not accompanied by animal domestication.
In contrast to East Asia, cultivation and arboricultural practices on New Guinea focus upon the vegetative reproductive capacity of plants, often grown together in plots under polyculture (Bourke & Harwood 2009 ). Vegetative forms of propagation and transplantation predominate for trees (e.g. breadfruit, Artocarpus altilis), shrubs (e.g. aibika, Abelmoschus manihot), herbs (e.g. bananas, Musa spp.), grasses (e.g. sugarcane, Saccharum officinarum) and root crops (e.g. taro, Colocasia esculenta and yams, Dioscorea spp.) (Kennedy & Clarke 2004; Bourke & Harwood 2009) .
Rather than being an insignificant region for the development of agriculture, the initial stages in the domestication of several globally significant food plants for subsistence and commerce (FAO 2012) can be traced to ISEA and the New Guinea region (following Lebot 1999) . These include: bananas (Perrier et al. 2011) , sugarcane (Grivet et al. 2004 ) and some yams, especially the greater yam (Dioscorea alata; Malapa et al. 2005; Lebot 2009 ).
Some of these plants spread across the Old World tropics, including the Pacific, mainland Southeast Asia, southern Asia and Africa, where they were integrated into traditional systems of cultivation before the periods of European exploration and colonisation (e.g. Perrier et al. 2011) . Other New Guinea domesticates remain of regional importance, such as sago (Metroxylon sagu; Kjaer et al. 2004) , breadfruit (Zerega et al. 2004 ) and some taro varieties (Lebot et al. 2004) . Numerous other plant domesticates have remained only locally significant; they did not disperse far beyond New Guinea and Island Melanesia, e.g. canarium almond (Canarium indicum; Yen 1996) , or are largely confined to the altitudinal range of domestication in the highlands or lowlands of New Guinea, e.g. karuka and marita pandanus, respectively (Pandanus spp.; Stone 1982) .
The archaeobotany of vegetative propagation, like that for cereal cultivation, is minimal in ISEA. However, multiple lines of evidence suggest early agricultural practices there were more likely to have been vegetative and incorporated plants domesticated within ISEA and New Guinea, rather than reliant on the sexual reproduction of cereals from East Asia (Denham 2005 ). This conclusion is not a 'fantasy' (contra Spriggs 2011: 524), but is based upon a thorough assessment of the multidisciplinary evidence.
First, comparison of long-term archaeobotanical records suggests that early forms of plant exploitation in ISEA and the New Guinea region were similar (Barton & Paz 2007; Lewis et al. 2008; . They were based upon the management and exploitation of tuberous plants and trees, reflecting shared arboricultural and vegecultural orientations (reviewed in Barton & Denham 2011) . These types of plant exploitation did not change with the advent of the 'Neolithic', often inferred by the appearance of red-slipped pottery. Sites on Borneo and Timor indicate continuity in the exploitation of tuberous plants before and after this putative transition (Barker et al. 2011a and Oliveira 2012, respectively) . Except for the addition of rice as a minor crop, people continued to be oriented to their rainforest environments, including the exploitation of plants, in similar ways.
Secondly, if early farming was associated with, and enabled, the expansion of Austronesian languages across ISEA in approximately 4000-3000 cal BP, then synchronous environmental impacts marking its spread would be anticipated. Although the archaeological visibility of early cultivation practices is currently minimal (Barker et al. 2011a & b) , palaeoecological records of vegetation history demonstrate that the antiquity and degree of disturbance, or clearance, of tropical rainforests were geographically variable and occurred from c. 8000 cal BP onwards in parts of ISEA (Donohue & Denham 2010; Hunt & Premathilake 2012) . These records are suggestive of a mosaic of different types of plant exploitation across ISEA and New Guinea during the Holocene. In some places, these practices coalesced into forms of cultivation through time, whereas in others they did not .
Thirdly, archaeobotanical, genetic and linguistic evidence for the domestication and dispersal of plants westward from New Guinea into ISEA shed light on cultivation practices for which we currently lack archaeological traces (Denham & Donohue 2009; Denham 2010; Perrier et al. 2011) . For example, parthenocarpy arose in Musa acuminata ssp. banksii on New Guinea with subsequent westward movement under vegetative forms of cultivation to ISEA, where intra-and inter-specific hybridisation yielded new cultivars, including triploids, which were subsequently adopted by Austronesian language speakers (Perrier et al. 2011) . A similar geodomestication pathway has been invoked for sugarcane: initial
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Tim Denham domestication on New Guinea with subsequent westward movement (Grivet et al. 2004) . In contrast, the pathways for taro (Lebot et al. 2004 ) and some yams (Malapa et al. 2005) are less clear and plausibly reflect multiple historical processes of domestication and dispersal (Denham 2010) . These plants were all seemingly domesticated in the maritime world of ISEA and New Guinea (Lebot 1999) and spread under vegetative forms of cultivation before any evidence of Austronesian language dispersal there.
Fourthly, and following from above, these multi-disciplinary insights receive linguistic corroboration because the words for many significant food plants in ISEA cannot be assigned to Proto Austronesian (PAn)-the ancestral Austronesian language on Taiwan-before dispersal southward. Rather, most of the widespread words for banana, breadfruit, sago, taro, yam (Dioscorea alata) and numerous other cultivated plants appear in the Austronesian lexicon only after dispersal southward into ISEA (Pawley 2007; Donohue & Denham 2010) . The words were plausibly integrated into Malayo-Polynesian languages from people already cultivating or exploiting these plants in ISEA and need not be suggestive of an origin on Taiwan. Of note, the word for sugarcane reconstructs to PAn (on Taiwan), suggesting that the plant had been spread there before Austronesian language dispersal, although another species of edible Saccharum could be implicated; whereas the word for 'chew on sugarcane', which is how the sugar is traditionally extracted within ISEA and New Guinea, only reconstructs to Proto Malayo-Polynesian (Pawley 2007) .
In sum, there is no solid basis to infer that cultivation practices spread from Taiwan c. 4000-3000 cal BP as part of the purported Austronesian farming-language dispersal. The weight of multidisciplinary evidence is currently more suggestive that vegetative forms of plant exploitation, including cultivation, were practiced in parts of ISEA before, and largely continued unchanged for at least a millennium after, Taiwanese cultural influences become apparent.
Animal domesticates
The primary animal domesticates associated with early farming practices in ISEA, Near Oceania and most islands of Remote Oceania (Hung et al. 2011 )-domestic chicken (Gallus gallus), dog (Canis familiaris) and pig (Sus scrofa)-all originate on mainland Asia. These domesticates were dispersed variably across ISEA from different source regions between c. 4000 and 3000 cal BP, after which they became more ubiquitous and entwined in the long-term history of agriculture in Oceania.
The inhabitants of ISEA, New Guinea and Near Oceania had no pre-existing experience with domestic animals. Although human-mediated animal translocations had occurred within both regions well before 4500 cal BP-in the early Holocene in Wallacea and from the Late Pleistocene between New Guinea and the Bismarck Archipelago (White 2004; Dobney et al. 2008 )-these translocations constituted the anthropogenic expansion of the wild resource base rather than domestication. In this context, the rearing of domestic animals must have radically transformed people's relationships to their environment and to each other.
The oldest domesticated pig remains in ISEA date to c. 4500-4000 cal BP at Nagsabaran in northern Luzon (Piper et al. 2009 ) and plausibly reflect early introduction across the Batanes Strait from Taiwan (also see Hung et al. 2007 ). However, genetic research (Larson et al. 2007 ) suggests these were not the pigs that eventually spread across southern ISEA to Near Oceania and into Remote Oceania, as would be inferred from portrayals of the Austronesian farming-language dispersal. Pigs did not even spread from the Philippines to the Mariana Islands around 3500 years ago together with red-slipped pottery, and dogs are absent at Nagsabaran until 2500 years ago (Hung et al. 2011) . Similarly, domestic pigs are absent at Niah and most other sites in ISEA until the last 2000 years (Barker et al. 2011a) , and chicken remains are extremely rare within ISEA before 3500 cal BP (Bellwood 2011) .
The Nagsabaran record, together with those of animal domesticates elsewhere in ISEA, suggest that chicken, dog and pig did not spread as part of an agricultural package southward from Taiwan. Other than the movement of domestic pigs to northern Luzon around 4500-4000 years ago, current archaeological and genetic evidence is more suggestive of mainland SEA introductions of these domesticates to most of ISEA (following Dobney et al. 2008) . These domesticates are still only variably present in the archaeological record of early, or formative, Lapita in the Bismarck Archipelago after 3470-3250 cal BP, but they were taken, albeit sometimes selectively, by the bearers of Lapita pottery on their first forays into Remote Oceania after 3250-3100 cal BP (Kirch 1997; Spriggs 1997) .
In sum, the animal domesticates of farming in ISEA exhibit different origins and patterns of dispersal to plant domesticates. The keeping of animal domesticates was completely foreign to this region and all three of the principal domesticates originated on mainland Asia. The geographically and historically variable archaeozoological records in ISEA, New Guinea and Near Oceania suggest multiple introductions and multiple pathways for the spread of each species before approximately 3250-3100 cal BP, after which they co-occur more commonly at sites in these regions and Remote Oceania.
Multiple pathways to agriculture in ISEA
The different origins, dispersals and adoptions of animal husbandry and plant cultivation, respectively, in ISEA and Near Oceania before colonisation of the majority of Remote Oceania from 3250-3100 cal BP remain to be unravelled. The Asian origin for domesticated animals and the predominant New Guinea and partially indigenous origin for domesticated plants suggest complex histories of agricultural transformation within ISEA and Near Oceania approximately 4500-3000 years ago. Animals and plants dispersed across ISEA through differential incorporation into, and transformation of, pre-existing practices of food procurement and production.
Island Southeast Asia was not a passive 'no-[hu]man's land' over which external influences swept between 4500 and 3000 years ago. The inhabitants of ISEA were active agents in the generation of early farming practices during the mid-Holocene (following Paz 2010). They differentially integrated new plants into pre-existing practices of cultivation and management, and adopted new husbandry practices for the rearing of introduced animal domesticates. These processes were not structured by an out-of-Taiwan migration. Rather they entailed introductions from multiple source regions and, as a result, were characterised by the differential co-occurrence of plants and animals across ISEA. There was considerable
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Tim Denham continuity in plant exploitation, as noted for Borneo and Timor, and considerable variability in the antiquity of animal domesticates across the region, as noted for chicken and pig. These emergent forms of farming, generated within ISEA rather than imported in toto from East Asia, enabled the expansion of Austronesian speaking peoples across that region, Near Oceania and Remote Oceania, as well as to Madagascar.
To conclude, beyond domesticated pigs in northern Luzon, there is almost no archaeological evidence to infer farming-language dispersal southward from Taiwan into ISEA approximately 4500-4000 years ago. Within the maritime landscape of ISEA, some East Asian cultural influences spread widely, e.g. red-slipped pottery (cf. Solheim 2006); however, a substantive introduction of East Asian plants and cultivation practices did not occur until much later. Instead, early agriculture was primarily based on plants that were cultivated and domesticated in ISEA and New Guinea. Early husbandry was based on animal domesticates of ultimate mainland Asian origin that spread to and across ISEA along multiple pathways from multiple sources. The integration of largely indigenous plant domesticates and exotic animal domesticates within ISEA and Near Oceania would have facilitated the expansion of Austronesian languages in those regions; further coalescence formed the subsistence practices that enabled the subsequent colonisation of the majority of Remote Oceania from 3250-3100 cal BP.
